INTRODUCTION 36
During the last decade, interest in using microalgae as a feedstock for biofuel production has 37 increased. The significance of microalgae biofuel production is based on microalgae's 38 productivity (microalgae produce 2 to 10-times more biomass than that produced by 39 terrestrial crops), ability to capture inorganic carbon as CO2, use of marginal land for their 40 cultivation, and significant lipid accumulation (4-60%) ( The detection of heavy metal ions in aqueous systems is critical as heavy metal ions pose 67 serious threats to the environment and human health. Anthropomorphic activities have 68 increased the risk of heavy metal contamination and the occurrence of environmental issues, 69 creating the need for on-site, quick and accurate sensing methods for heavy metal ions 70 (Gogoi et al., 2015) . Therefore, novel sensing techniques need to be able to detect heavy 71 metal ions below and above the regulation limits (Cd The MAB-Cdots were characterised with different spectroscopic and microscopic techniques. 140
The fluorescence emission and excitation spectra of the MAB-Cdots were obtained on a 141
Hitachi F2500 spectrophotometer. The stability of the MAB-Cdots fluorescence was measured 142 at different pHs (pH 3 to 10) and exposure times (0 to 1h). FT-IR spectra were collected using 143 a Frontier FT-IR spectrophotometer with sampler (PerkinElmer) from 4000−600 cm -1 and the 144 spectra analyses were performed using the Spectragryph software version 1.1 (Spectroscopy 145 Ninja). UV-Vis absorption spectra were recorded using a U3310 spectrophotometer (Hitachi). 146
Atomic force microscopy (AFM) images were captured on the BioScope AFM 147 (BrukerCorporation.) in ScanAssistant mode and the image analysis was performed using the 148 Brucker NanoScope software package v8.15 (Bruker Corporation), the particles were diluted 149 to 100 ppm, filtered through a 0.2 μM filter and placed on mica substrate for AFM imaging. 150
The MAB-Cdot size, zeta potential, and conductivity in solution were obtained by dynamic 
Heavy metal ions quenching assay 246
To evaluate the applicability of MAB-Cdots to fluorescence-based metal ion sensing, 247 fluorescence quenching experiments were performed with Pb 2+ , Cu 2+ , Cd 2+ and Ni 2+ (Figure  248 2). The four metal ions quenched the fluorescence of the MAB-Cdots. However, the 249 quenching level and the metal concentration necessary to obtain quenching varied from metal 250 ion to metal ion. Pb 2+ was able to quench the fluorescence of MAB-Cdots up to 30% using 251 around 2 mM of Pb 2+ . At Pb 2+ concentrations greater than 2 mM, MAB-Cdots generated 252 significant scattering and prevented extension of the measurement range. Pb 2+ concentration 253 and fluorescence reduction were linearly correlated using a logarithmic linearisation from 254 0.012 μM and 5 μM (Figure 2a, embedded figure) . Cu 2+ achieved the greatest quenching, 255 producing a fluorescence reduction of more than 60% at 20 mM (Figure 2b) . The Cu 2+ 256 concentration and the MAB-Cdot fluorescence reduction were linearly correlated between 1 257 μM and 10 mM using a logarithmic linearisation (Figure 2b, embedded figure) . Cd 2+ 258 produced the lowest fluorescence quenching with a maximum fluorescence reduction of less 259 than 10% (Figure 2c) . Here, the quenching varied from 0.0125 μM up to 50 μM above which 260 the fluorescence reduction saturated at around 8%. The Cd 2+ concentration and fluorescence 261 reduction were linearly correlated using a logarithmic linearisation between 0.01 μM and 1 262 μM. After Cu 2+ , the Ni 2+ quenching was the second largest quenching, producing a 263 fluorescence reduction of nearly 50% at 20 mM (Figure 2d ). Similar to Cu 2+ , the Ni 2+ 264 concentration and MAB-Cdot fluorescence reduction was linearly correlated using a 265 logarithmic linearisation between 3 μM and 10 mM (Figure 2d, embedded figure) . had the lowest concentrations (0.012 μM) with a response to MAB-Cdots. As Cd 2+ did not 269 produce significant quenching, additional tests were not performed for this metal. 270
271
Buffer solutions from pH 3 to 8 were used to evaluate the effect of pH on the MAB-Cdot 272 fluorescence quenching from 50 µM of metal ions (Figure 3a) . In Cu 2+ and Pb 2+ , the use of 273 buffer solutions with lower pH produced a decrease in the quenching. level of quenching at pH 8 as with the experiment using ultrapure water. In all metals, low 285 acidic pH was associated with low fluorescence quenching and was also associated with 286 carboxyl and hydroxyl groups. 287
288
As buffer solutions reduced the fluorescence quenching, the buffer capacity was evaluated to 289 identify their effect on MAB-Cdot fluorescence quenching (Figure 3b) . Similar to the pH 290 assays, the initial MAB-Cdot fluorescence was not influenced by changes of buffer strength 291 (2.5-100mM) (data was not included). MAB-Cdot fluorescence quenched by Pb 2+ was 292 highly reduced by the addition of all amounts of buffer. After the initial reduction in 293 fluorescence from the addition of low concentrations of buffer phosphate, higher 294 concentrations did not produce any further fluorescence reduction. Similarly, increased buffer 295 strength generated a negative effect on the MAB-Cdot fluorescence quenching in Cu 2+ and 296 Ni 2+ , the change from 2.5 mM to 100 mM produced a reduction in the quenching ability of 297 Cu 2+ and Ni 2+ of 10 and 5%, respectively. When compared with the quenching performed 298 with ultrapure water, the quenching ability of Cu 2+ and Ni 2+ at 100 mM reduced almost 64 299 and 60 %, respectively. Although in all metal ions, 100 mM generated the lowest 300 fluorescence reduction. 301 302
Quenching mechanism 303
The Stern-Volmer plots for the MAB-Cdot fluorescence quenching by heavy metal ions were 304 used to evaluate the fluorescence quenching mechanisms (Figure 4) Cu 2+ , and Ni 2+ ions is well known and has been proved in other material systems such as 369 humic substances (Perelomov et al., 2018) , (Zhou et al., 2018 )hydrogels and acetic acid films 370 (Xu et al., 2016) . 371 Table 2 compares MAB-Cdots with different renewably produced Cdots used for detecting 372 heavy metal ions in terms of the production method, the heavy metal ion detection, the 373 detection range and the limit of detection. The advantage of using residual biochar from the 374 bioenergy industry introduces the possibility of coupling bioenergy and nanomaterials 375 production from waste. In contrast, all the production methods for other renewable Cdots 376 produce the Cdots as the primary product and require significant energy input into the 377 process. Additionally, biochar-derived carbon dots can be produced from the bioenergy 378 production from several other feedstocks beside microalgae. were generally wider for the MAB-Cdots than the other renewable Cdots. As shown in Table  387 2, this wide range will allow their use in highly polluted environments (mine pollution or 
